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e The Elementary Sclence Study is one. :

o, ofmany currlculum development programs
m ‘the fields of-science, social studles L

“*and mathemat’cs-unde“r preparatron :

‘ at Educatron Development Center

[ “Inc. EDC {a prlvate nonproflt org,anrzatron e

T lncorporatrng thelnstrtute?er Educational .~ oo -

- Innovatrqn and Educatlonal Services - N S S

‘ .. Nacorpo ted) began in 1958 to develop S Ve R

" new |de§ and methods for lmprowng ' AR LT -

. the content and process of education. = /el L

. ESS has been supr;ted prlmarlly by .- :'j‘;-f...
grants, from the Natlonal Science. T
" Foundation. Development of materlals R R . o
for teaching science from kzndergarten . T e R
- through eighth grade started on'a small:. ' : ‘ ' o
vscale in 1960 The work of the pro;ect %
has since |nvolved more than a hundred
educators in the conceptnon and P : ' W e
‘ "/, ' deslgn of |ts’un|ts of ¢ study. Among A S . N S
/. - .- the staff have been scientists, englneersv L Ao S
L mathematnclans and teachers . T R
' _— experrenced in workmg/wrth students e e TR Ty
o 4> otvall ages from klngergarten through T e el
7 'l) E e CO”ege . vv/’ ./‘ ‘ | . .
Sl i o
S ;équlpment frl‘ms and'prmted ’ - . _ ‘ }
A / S L ; , /materials are produced with! the help e T AT v o,
- /. ST s‘s, '// /of staff. speclahsts as well as of the fllm o L o
s S /and photography studios, the design-" »* .7
S - '. " labpratory, and the proguctronl SR

I T shops of EDC. At every stage of’ r RN
' ’ L ./-" development .ideas and’ ma{erla ar.e
v “ taken mito actual classrooms where:

chlldren help shape the: form and R R _ R . o

o
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The |dea for this unit orlglnated ' L

when William Bertozzi first tned some of-
the activities with children in the summer
" of 1965. The follgwing year he, Gerald -
_Wheeler, and Robert Gardneraamodlfled
‘the equnpment and activities for further

5
~

, teachlng and preparedadraft ofa - . Co P S

{

)

i of, the revised Guide and helped
" with developmental work. Her classroom

;.
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. .-Mary S.Gillmor contnbuted |n too. many

‘ ,Joe:,l.vl. Gritfith‘ ,

O
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_ “asswstance for this writing. Edith H. E.  + o,k

teacher S gu»de This was taught ona

llmlted basis and was revised*by Gardner
and fssued as a'Trial Teaching Edition, - B
called Balloons, in the spring of:
4968 The unit has been revised . . . .
consuderably on the basls of trial L0 - T
teachmg o R .' P

.

.S ster Lucy Malarkey of the Mayfleld
School in‘Pasadena, California, :“
contrlbuted héavsly to the. present edition.

' She taught several different versions v

_notes were wonderfully detalled and . . » S v
helpful g ‘ . .‘ . ’ . ' ) o o ,‘ A - ) ) o *

The entlre ESS staff Ient ed|tonal

“ Churchili'and Emily Romney made many
"helpful and astute suggestions.

- Frank Watson shared wijth me his ., LT Coa
“experiences classroo%s and workshops. = * R AT A
- Adeline Nalrr?an provided editorial - -, ¢ - len oo LU IIPRNTEY
‘assistance and much encouragement.” . . . - :

ar

ways to mentlon L. ) B

/

The photographs were takén by Joan [ T
Hamblin, Major Morris; Sister‘Jacqueline -, - f g
.

Jelly(,/and Sister Aljce’ Callaghan

/

A4

v -

e




ERIC

’
Aruitoxt provided by Eic:

o

S ) . ' i b "
,: ¢ ’ ' “‘ - = 3 T . - e A
- \ . . * ? \ N
Loy [ SR ot EE ,
.,u Mo A A "
o S ; i 2 AL - ‘ v 4 ! ‘
C t ts; * N
- '\‘ » & = 9
v on en S A R
. , BEN A - d 5
t ’ 7 g . | o Yow
° 3 . . - @ e R ; .
A lnfro uction - A I8 N
. ' . A f : % . . , - .
USmg Th:s’Gunde ;‘/ e ' y B v -2
. Graqe Level and Sc eduhng e 3’
o ’, . Eva[uat|on - ' . : ,:' g 4
37 . : LIPS 2 ’ : ’ v
~ o . 5 — - " ";‘ IR . v -
SR fi\ﬂateri}’ls o : ‘Q o .
! , . - ¢ ‘ L ) a o 7 ! 7
- Actlvmes S W T 7
Work with Brorhothymol Blue 818), . N, . 7
S . More BTB, and Carbon DIOXIde i . . o 8
(Sgﬁectmg and Testlng Carbon Dlox1de] ' 4 11
I Explorlng Oxygen " . 18
* 'Work with Hydrogen ' R 20
P . ) - - ‘
r ‘Mystery. Gases S , 26
ISR e oy } :
; = . . - “Ballodns Aloft” —A Finale .. 29
‘Appendix. ; ' g e 31
s, Safety Pr'écautions S v e ° = 31
Preparatlons Rempes and Techmques . i . 32
. 7 . . : . -
S \ . The Yardstlck Balance , 38
o / . w S
. { N s
’ . 4 a \, ]
4 T )
! - ” Ll
- Al ) ‘&
. j
. . .
- . ") - .
’ - [ .
. -\ s ¢ .
X ‘. ] i\" v







Aruitoxt provided by Eic: .



O

ERIC

Aruitoxt provided by Eic:

P

o

There are mariy ways to learn things, and
only one of thentinvolves reading a book.
Science deals with the behavior of the
real world. Doing experiments, Watching
things happen, observing animals —all
. these activities arg “lessons,” .

s

~in content than any textbook.

- are “invisible.” They try to |denti‘fy and
differentiate be{ween these by weight, by
the reactions of the gases to a-solution-

. of BTB or limewater; by their effecton

richer

Gases-are often very mysterlous to

_children, because a gas may be invisible

and yet ha),/‘e properties that can be

observed. Adults take the existence and
diversity of gases for granted, but for,
many children 4{1e spaces in the world are’
Iltis a b|g jump to
go from this nothing to a something .

filled with “'nothing.”

called air. It is an even bigger jump

to realize that air is made up of several
kinds of gases and to think of ways to tell

drfferent gases apart

+~BALLOONS AND GASES provrdes chlldren )

with dn opportunlty to prepare and
collect several common gases and

to d|scover and wor‘k with some of the|r '

propertles

f you follow the sequence suggested N
in the Guide, the students work first with ™
. acids and bases and with the colored :
indicator bromothymol blue (BTB). These

activities give experience with a‘few

: simple"chemical' reactions and

with some of the: propertlesof ac|ds'

and-bases. Furthermore they introduce
students to ‘a method for distinguishing
‘between fluids that look alike.

Next, students generate gases that

a flame, and by other indications.

[

¥

Generatlng and trying to |dent|fy
mystery gases on the basis of ‘their -
ear~I|er experience carries the students
a step further. in theif investigations.

" There is a logic to the sequence of

activities in the Guide, but there has

.been no attempt to provide for all

students’ responses or ‘to encompass. all

" 'the possible questions that'are |nterest|ng
~and worthwhile to explori’lf you treat

the activities as a series of lessons to

‘teach or as 'experiences foryour students *
"to work through in order and

“finish,” you and they will miss much of

the unit's richness. If the: equrpment

is available, the students will come back,

‘at later times and in Hk?ferent ways,
" to those questlons and experlments that
_intrigue them. \ - b ¥

©

In this unit, stutdents will be able to
control many dlfferent chemical

" reactions. The ones by which the gases
. are generated and identified suggest
.. a whole range of related questions and

explarations.. For'example’ students may
want to look more closely at—- .
1. The benavior of BTB as a color
- indicator '

. 2. Mow thé proportions of the s

ingredients affect the amount of
gas that is produced -

3. 'The way & &’catalyst acts.to produce

_agas, as.in the case of potassium.-
lod(/e and hydrogen peroxnde

4. Dry lce—= as a start|ng point for
investigating the same substa_nce in
different states, and the striking
change in v91ume which occurs

-whena substance changes from a

'solud to a gas

1



5. Questions relating to buoyancy -

. and density, which often arise. -
when students compare a heavy®
‘carbdn dioxide balloon and &
‘floating"hydrogen balloon (How
much does the hydrogen weigh?)’

Any one of these or similar topics

may become the focus of the activities

%f.;ome or all students at particular times.
ir own ideas and interests are often-

the best guide to rich learning

expenences

One further note: So.me teachers have
- foundit helpful for-students to work
" through, | BALLOONS AND GASES before they
undertake the ESS umt GASES AND
CAIRS whnch looks at sm;lar questnons
\na more sophlstlcated way. 4

Using This Guide
Before you teach BALLOONS AND GASES,
" read through this Guide and'try out
" ..some of the activities and ‘experiments -
~“for yourself. Some teachers feel that
- “their preparatlon to.teach these science
" materials is inadequate and that they
'should use only. topits with whlch they
-are ‘familiar. If you feel this way, you may .
".-be relieved to know that some of the
- best learning situations occur when the
"-'teacher is "discovering* along with the
r étUdents You.need to have the materials -.
carefully prepared and. availablé, but
' you don't need to have aII the answers.

The Appendnx contains important

afety precautions and instructions

_tor assembling some of the equipment.
Ali% mcluded are dlrectlons for making the -

three gases (oxygen hydrogen and.

Aruitoxt provided by Eic:
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carbon d|0X|de) for domg ceftaln tests,

quppendlx repeat items in the text

e Appendrx is meant to prowde a " .

‘ AN ick reference in which you_ can find

v . \ " “fecipes andinstructions gathered all
together g :

B .many explanatiqns about the—chemical "

. reactions and properties exhlblted by the )

materials. The omission is intentional.-
‘The value of these materials lies in the -
students’ using them with pleasure-to
find answers. by experiment'ing and -~
. observing: Refer to a chemistry textbook
for detalled chemical epranatlons of .
your students investigations if you feel
" .you need them. :

In trial classes, BALLOONS AND GASES
“has been taught successfully'in the
sequence offered in the Guide. There’is, -
however, nothing sacred about this order,
"and you should feel free to alter it if you
., S ~ - prefer another sequence or if the
: - students’ investigations suggest a -
different order-in your class. You may, .
however,'want to- follow the Guide the

* - - “first time you teacit the unit. - .

A number of quesfions related to
-the actlvmes are included in each sectlon
How you use them is up to you, They
are not necessarily to be answered
Perhaps th\ will help. you further ©
:the interests of partncular students or ask
. stlmulahng questions of an experi-
‘, menter who neegls help

- ) There will be times when you wgll want .

" ‘ . tobring afew students ‘qr the whole , ~

class together to share their results and-
‘pause tq consider what others are doing.
You and younstudents must 1udge when )

<

Aruitoxt provided by Eic:

Y~ cldss discussiojl'is useful and when
and]for collecting gases. Some of theitems

L8

it wouId be an lnterruptlon

Here are a few suggestlons about shar|ng
|deas that may be heIpfuI

-

* Full- class discussions are onIy rarely
suCCessfuI Usually onIy a few
artlculate students do the talklng,
while others get lost or

" keep large-group'disc_'usq’ons or
presentations brief,

. Students often don't hear one -
another. At some point, it might be”

useful to pair off students and have
“them interview each other. Results .
.of these interviews could be shared
with the class orally or<n wrltlng

-+ Often the class w1II d1v1de into a
~ fast group, many. of whom already
know about gases (these are often
. tboys). and,a slower group of s_tudents
‘who work methodically. It might be
useful to have separate group dis-
cussions. Sometlmes a measure of
|sovIatlon gives students who work
. more slowly the confidence' to
continue at their own p,ace even
if others are far ahead

”

Grade Level-and Schedulmg

The act1V|t|es in the Gy/de will take
between twere and twenty class per|ods
of about an: ‘hour each. The unit can

"go Idnger if students become lnterested
in further |nvest|gat|ons

BALLOONS 'AND GASES has been taught
successfully in grades five through eight.

. The initial activities (working with BTB, .

vinegar, ammonia, baking soda, and

“citric acid):are fun for people of all ages.
? 0 . . \

s o .®

“turn off.” So .
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CLASS KIT 1 (NONEXPENDABLES)

o Thls K/t contalns'laboratory equipment
"l“WhICh can be reused many times. Most of
the items are available separately only

'through chemrcal supply houses ..

- 15 .
‘32

16

"-10

30
40 .
20

.6
15

- 30
2

.

', snap-on lids

a

'CLASS KIT 2 (EXPENDABLES)

i AThese are all expendable items. To
_-replace them locally mlght require. con~
siderable effort In .order to teach = *
- BALLOONS AND GASES a_second time, you

’ a S should need to. reorder only this Kit.

Erlenmeyer flaskso . oy
1-hole rubber stoppers (to f/t . 2
the flasks) - o

4-in. stitf plastic tubes & - 300

-2-02 pIast/c dropper bottles wrth T 300
S caps . . . 50

4-0z plast/c dropper bottles’ with. - 5

" caps
250"

-

1-0z pIast/c graduated med/cme

cups . » .
“one- p/ece vinyl droppers

s tsp measuring spoons

-pt plastic containers wrth

3-ft lengths of flexrble wnyl tub/ng
(% 1.D.) n R

pairs of. safety glasses

flexible plast/c vials (6" X 1")
1-qt. ponetherne narrow- mouth. .
. bottles with screw caps . |

1 -pt ponetherne narrow- mouth

H

. bottles with screw’ caps

~hand pump (to blow up balloons) .
set MuIt/ Purpose Balance parts :

¢,

e, T NI VISURE N G o\, T T

gross round baIIoons (expandable
to 8-in. diameter) '

wooden coffee stirrers

wooden splints” >' -

pressure-sensitive 1" >< 3" Iabels

gr bromothymol blue powder
sodium salt : '

*Ib mossy zinc . %

pt concentrated hydrochlor/c
acid

!b potassium iodide crystals

Ib crtr/c acid crystals; ’

oz magnesrum nbbon

“~

‘ b hydrated lime powder

Ib limestone chips .
pieces soft glass tubing, 8 in. long

24

,
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' MATERIALS TO BE OBTAINED LOCALLY

The following equipmenf is to be
" obtained locally. While thl/may be a

"minor,nuisance for.some,-it'does give you '
) greater budgetary flexibility and may

save duphcaatmgbso.me common qunp-
ment. Certain items—su@h as Alka-Seltzér

“tabjets and hydrogen peroxide solution
_ —r,)”e"éd to be purchased fresh; they deteri- -
"orate when stored for a long time. You

may want-to buy all these materlals.

_borrow some, or have the chlldren

bring them in, The total cost of this group

: 'of xtems should be-around $10

1 yardstick - oW

15. palntbuckets pa/ls or containers, _

rougnly 1-gal size (for water and
: was{e) ) o i )
1. gal white vinegar» = §. -~
4. Ib baking Soda ’
"1 gt household ammonia (@,‘ear
: recommended) _ ’
7 -pt hydrogen peroxide, 3% or 6% i
. solution (10-volume or 20- volume)
"1 pkg wooden, safety matches
(10 small boxes)
30 small jars (su&h as baby food /ars)
for dispensing baking soda
and citric acid®
old newspapers
1" quart bottte with cap (suchras a
' vinegar bottle) »
sponges ' ) :
.1 jar soap -bubble solut/on or.
- -.liquid detergent
"1 roll-aluminum foil (25. ft) -
1 ball string
2 paper pie plates (for balance
-.pans)
Alka-Seltzer tablets, 2 to 4
per student )
oyster or clam shells

28203.

1O /b Dry Ice
- hgmmer and cloth- gloves to -
nandle Dry /ce

X Note: if you want to explore flllmg
.balloons with hellum (SEe page 29), you
.Mmay.be able to borrow a cylmder

from a science laboratory in a umversny
or industry. Helium also comes in

small containers. One source is Jericho
Industries, Charlotte, North Carolina

-
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MATERIALS -~ ooe i
. For each student: - i
'3 1-0z.medicine cups .

1 eyedropper_ Lo -

' 'For each group of 4. students
1 2-0z plast/c squeeze bottle of BTB*

1 4-02 plastic squeeze bottle of

vinegar' .

1 ' 4-0z pfasrrc squeeze bottle of ;.

ST d/lute\ammonja. " .. i
newspapers. 'z
sponges o ) v

L L
" extra medicine cups . ;

~ You should have the above materials
i assembled and the solutions prepared
pnor to the beglnnlng of class Before' '
you begin, spread newspapers outon
desks and have sponges avallable for
the inevitable spills and messes.

- . . N —

When all the groups have a supply of
matérials, suggest that each student take -
a little of each liquid in a medicine

cup. Urge the students to use’ '

the eyedroppers. Ask them to see what
happens when different liquids are

"added to-one another, drop by drop. .

Sooner or.later, some student will ¢laim. -
that the BTB has turned.from blue
- to orange or yellow.
“"Oh look!"Drop BTB in vinegar and
it turns yellow." .

. "BTB in vinegar, and it eats it up!"™

v “Can you turn it back to blue_aga_/n_?

“Ammonia is stronger than vinegar.”

‘See A'ppendix for instructions on preparation.



- “l like ammonla ‘cause lt saves you
from vinegar.”

Is there & colos “between’ blue and
K2 yellow? -~ - c
"l don’t know but, I il find out.”
*] got five shades of greens” ’

You will-need to have waste buckets
handy for each group, so that they can )
empty’ their cups and start agaln : ‘
-+ "I'm’trying to figure out howJ can get
N »the ammonia white again.’
"'C’a‘n 'l take fresh stuff and try lt .
. agﬁlln’)' o . .
Y "I wonder if that's; ammoma I'm afrald
“to smell |t because it st|ngs
my eyes.”

~

How does the ammon'ia solution feel?
Take some on your finger and rub

your thumb and finger together How
about vine§ar? -

What do the liquids taste like? > -

(Ammonia is poisonous to drink.. To taste )

it safely, wet your fingertip thh
~ammonia and touch your tongue)
“Sharp.” .
+'Strong.”
“Sort of sweet and sour.’
“Nothing.”

After the students have worked with
these materials for about a class period,
you might take a few minutes fo
-share experiences and talk. The questions
How do you turn BTB yellow? and
How do you.turn it back to blue? might
reveal some disagreements among

the students. If so, let the students
_present their ev1dence If they

still disagree, urge them to go back

to the materials again.

‘ /Vhat does spit do to BTB?

ERIC .°
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More BTB and’ Carbon DIOXIde

MATERIALS
For each student .
'3 2:0z med/cme cups

o1 eyedFopper .

1 6" x 1" plastic vial Coe
wooden coffee stlrrers

For each»g'roup of_4 students:
. buckets for water and for waste
2 i-tsp measufing spoons
2 L-pt jars or baby-food jars
. (jar citric,acid, labeled)
* (jar baking soda, labeled) -

r L —

Have® avanlable.the matertals from the o
pre®ous acttvnty You may want to tie

 the measuring spoons to the jars. Work

.on newspapers and keep sponges
available. Have the. gas ‘eollection’
eqmpment (next sectlon) in reserve. ’
-If your room has no sink, you can use
the buckets to bring in water and han-
dle.waste water, One-galion polyethyl-
ene pails are cheap to buy and easy
for students to handle. Clean two- -

» pound coffee cahs or mitk cartons can,

h be used..

N . . [

cups. Add some water to it, arid stir. What
happens? Where did the citric acid go?
“Hey, it disappeared.” .

"Cttrlc ac|d lea‘Ves the water ctear -
What does the solut/on taste like?

“Tangy.”
“Oooh |t s bitter.”

What do you think the citric acid solut/on

_w:ll do to a BTB solution? "

", You might start off by asking the students -
_ to put a little citric acid powder (about
1 teaspoon) into one of the medicine

2

4




ln ohe class students added some sugar'.

to. thelr citric acid and made “lemonade.”

I} ls.all right to dnnk this mixture if you_.l

add'lots of water to dilute the acid - o
' enough so that it doesn't taste too sour

Studenis with sensitive stomachs can
~ develop a stornachache from too much N
agid. Usually a drink of water w:II set

that right, but-a little baknng soda is 5ure

to help

~ Will the baking soda d/sso/ve as the c:tr/c
. acid did? o T

o

““Baking soda turns the water whlte ;

/

N

What effect does a baking soda so/ut/on ’

have o‘nﬂB{On citric ac:d'? . K

~Once you have mtroduced baklng soda att
it wont be long untﬁ’ someone discovers
how to make it fizz. This activity will ™
- dominate many children’s interest for a °,

ERIC: - v o

A uirox: providea by enic [
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- mystrfled

while. Others may stick wrth makrng the
BTB change colors.” . =

P
N

what do you think would happen if the < )
baking soda-and-acid-mixture started
tizzing? What would happen if.it was ~ *
in a closed space? Many children will be

“Wow! Look at all that frzz A drdnt
}know rt had such power.
Some of the students wrll know that a
gas is besng generated Can they suggest
“a‘way to collectthe ‘gas? -

% bt sne Attt S k

e -

Someétudents are ’excited by the = -7 <
“fizzing or by the'very active reaction . - .
~and try to’maké bigger fizzes by dumping -
‘together et/ery,thin_g they. can get their - v

hands on: You midht urge. tHem to
' try to collect the gas—ar to make'the

layered cyllnder described below. Let

them know you have iny a limited supply

of materrals .

. .

Those students who contnnue workr
with the.BTB and the acrds and'bases
sometlmes come to a dead end and _
.’can use a suggestron Here'is .one that s
N might be usefuI )

"~ Use the 6-inch cyHndricaI_blastic”vial. 3
(A harrow drinking. glass or-olive jar wilf
do.}, Put about | inch of baking sodain , .
the bottom of the vial, and pour on top
&f that about an inch of BTB solution. (

- Don’t mix them: Now add4inegar as
gentIy aspossible; trlcklrng itslowly
down the side till. you've added about
3 inches of vinegar. With luck, the mixture
will Iayer and nge a beautiful slow reac:".’
tion that is fascrnatrng to watch and
fun to work with.
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i o R gollegtlng and Tes"ng Carbon - Have 'on hand all the materials L.Jéed‘v‘ ""“A
T e lOXl e~ L , " till pow. To p?'eparethebalahce'éhead oo
’ S v . MATERIALS tL A of time, getayardstlck am{havethr,ee
P Er/enmeyer fasks* >~ - 4 hofés drilled in.it, as: spec%ed in the™ =
;s D R N balloons (about 3 per student) ’ B Appendlx Also, havealookatpage 42 -
. A o balance with yardst/ck beam, (See ’ i the Appendix,” which shows hovw»
bt 20 appendix for construct/on deta//s) .to weigh fract|ons' of.a papér -C“D
Tt - - paper.clips. ) . usnng a balance- beam rlder ! :
' e 2 1 -hole rubber stopper per f/ask ST S R
' © . 4-in. stiff p/ast/c tubes tg fit the - PR vt N R
) . N stoppers . e Gwe those students who want itan
L B B i}. _ - s -+ wooden safety. matches (sma// boxes) opportunlty to try to collect the gas ‘in
P . S wooden splints R - the|r own wa Occa510nally astudentwm _
! : Con hand pump Sl come: up wnt an,lngenlous idea. Most =+ "~
DR con . . " often, h 't,
‘ ! The Ertenmeyer ﬂasks wnth the co!leétton . § enl oweveT dstut(ijents won't, but tfhe”
. : - apparatus attached tip easily. They are more umb fng arouna an thelrunsuccess ul B
N . : -, stable if placed ingide heavy ;ars such as effarts” W‘“ tell you a great deal about’ Y 4 ¢
S - L peanut butter jars. ; » what they think a gas‘is,and how = ., .°
» ﬁ@ % . .‘ N :
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‘ “lf students want some ldeas you can

. . What happens to the balloon?

!+ studen w‘ant to do this

ERIC

Aruitoxt provided by Eic:
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ln tructlons fo[ collectlng a gas) -

-

- suggest that’ they put adry mlxture of?

o “ tea pbon each of_baking soda and:
cntnc amd into a‘#ask, add about
2 ouncesnof water, and then qulckly put v
Ta ballooyﬁ over the top of the’ flask

S ’ L.

Don't b surpr;,sed if quué: few e
ce theyfsee
what happens Coet o j

s

What can you do wrtha balfoonful of gas” .

t ey thvnk Lt behaves (The Ap'oendlx has -

= g

."l
. M
s
BER-% “a ’
- - nore

n one class some boys ran races

s by droppmg two balloons at the same

time, one filled wntp"carbon dioxide

- and one filled with room air. They sald
the. carbon dIOdee won because

Tt Was “heavler Y

. . -

-~

You"rmght challenge the students to fund

out if'a carbon _dioxide balloon is.

really-heavier than an air balloon If
“you ‘nave a’ bal‘ance thh/a yaldstlck

beam (see dragram in Appendlx fors ’

construction detatls), the balloons can <.,

7 be accuratelywe%"d'

How much heawer A
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A}

Does it degend on how full the -
ballpor is?
How much does-air alone wel§h9

=l thought the air would welgh more,

but- the gas lS more,.’ ! .

“The hand pump can be used to f|II a
baIIoon with room air. '

In order\to perform some of the .~
chemical tests with carbon dioxide; it

" is convenient to have-a more permanent )

coIlectlng dewce Use the st:ff pIastlc
tubes in the Kit that fit into the :
one-hole. rubber stoppers. “These rubber .
stoppers will fit the Erlemeyer flasks. = .

" The accompanylng dlagram shows how- :

to connect things.

With this devrce it's easy to do the BTB
and limewZ&ter tests and to coltect
- . enough gas for.several flame tests Be.

sure to use pIastlc tubes Pushlng '
glass tubes lnto rubber stoppers may
break them.:

“If your baIIoon’(ls stralght the

~gas goes in eas|er '

Chlldren often COmment that the flask
feels colder as the reaction goes on. -

" When the"balloon is full. or the reaction
"in the flask-has stopped. twist the .
‘balloon and press 'S/o‘ur fingertip on the

. top end of the tube to prevent the

" “gas escaping. Then remove the entire . .

oy

collecting device from the flask.:

e

13
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BTB Test

T

To do the BTB test pour about 5 cc of
BTB solution in the bottom bf a
clean medicine cup or small glass. The

‘BTB sholild be blue or blue-green.

- Then put the bottom end of the tollector’
“tube, still attached to the balloon .

~ of gas, into the BTB, and allow the gas "

" to bubble gently through the BTB.’
- Control the bubbling by pinching the

o,

neck of the balloon.. .

If you have carbon diox'ide‘in the balloon,

_the BTB will gradually turn from blue

to yellow. You can repeat the test with
the same BTB by using a few drops
of dilute ammonla solutton to turn the
BTB blie once agarn ‘Donr't use

too much ammonia, ot it will fake a ~
gr‘eat deal of carbon dioxide to tyrn the

S BTB yellow agarn

T

s/f you bubb/e air' tff?oug{r BTB
whar happens’?

=L e

Several thrngs can go wrong wrth this

" test-You.can have the BTB too basic,

Q

ERIC

Aruitoxt provided by Eic:

that is, " 'too blue.” (The BTB should -

turn yeIIow with the addmon of 3
one or two drops.of vrnegar) Another S
thrng that can happen is Jhat you e
y get acid.in the collector tube, and
tie acid alone will turn the BTB.

Jellow. This usually happehs when a .
vigoroué reaction gpatters liquid -

. up-into the tube. Rinsing the tube betore

“-can be quite challenging'!

you putiitin ‘the BTB" will take care

“.of this. Still another problem arises when
children shake their tubes and get:

the balloon full of the reaction mixture.
Heiping such children acquire a

more refined experimental technique’

14 .
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leewater Test

The llmewater test is camed out ln the

. §afe way. as the BTB test. Place’ »
“about 5 cc of limewater in a-clear, clean

container and bubble the ga$§ through
it. Carbon dioxide turns limewater mitky.
“Look what happens - when i put gas
in limewater. It turns whmgh
Alka Seltzerlsh " ' .
“The limewater has all these little .
crystals init” ’

Is tge I/mewater react/on rever31ble
Igfe thé BTB test” . ‘/\ -

What. does room air or your breath do

" with the I/mewater tes.t? With the
. BTB test? Is.there much carbon dioxide?

~ “I'blew into" Ilmewater once, and
it turned c4oudy

© 15



*. balloon opening. «

Flame Test o

Wha? effect does carbon d/ox/de hale.
ona flame° :

A splint will burn in air. W/ll n burn i
‘carbon dioxide? S

What can you ‘collect the gas inso Yo
can test it and see what happens° :

ln one class, students suggested
puttmg a flame near the mouth of a _
gas- filled balloon gnd Iettmg some gas
“come out or+thrusting a flafming

splint into the balloon. Others objected
-that the moving gas would put out.

the flame or that the gas would escape
when a splint was put into the - )

-One 'vyaiy_'tovs.i'mplify aflametestisto
collect the' gas in a jar. Half-pint plastic
jars are provided in the Kit.

How can you filkthe jar with pure carbon
dioxide that isn't contaminated

°

. with air? - -

Q

ERIC

Aruitoxt provided by Eic:

* Here is one method that works. Filla
bucket or a pan about three-quarters full
" of water. Put the jar in the bucket
-so-that it fills up completely with water,
turn it- ups|de down, and raise it
so that most of the jar. sticks out of the
water but’ water s‘tays in the jar. .~

To get the carbon d10XIde gas- from the
balloon into the jar; put the bottom-
end of the colrector tubg into the water
directly under the jar afid, by relaxmg ‘
- the pressure of.your fimgertip on ]
" the top end of.the tube; allow the carbo
dioxide to bubble_slowly up.inside
"the jar.-When the jar-is filled with carbo
dioxide (that is,.the water has been
forced out of |t) cover it, while it |s st|I|

f

16" R
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'unde;rTWater, with the lid or with
anything f!at that seals-the top. Then
. remove the jar from the water.”

To, do the flame test, the students take
a burmng spllnt remove the lid

- from the jar, and,dip thg splint into it.
What happens to the splint?

" What happens to the spl/nt when the
jar has room air in it?

.

A g|rI |n one class argued that the flame
went out because it couldn't get . i
© any air in the jar_,. She repeated the

~ experiment with an air-filled container

N

The flame test provndes a method for
testmg where the carbon dioxide IS

Take the lid off the jar of carbon ledee.
Pretend that the carbon dioxide is

a thick:_viscous liquid that pours very
slowly

Can you pour the ‘carbon d/ox1de into
' another jar?:

You can use the flame test to see if
© you've succeeded, - - ”

The next activities inve lve making
- and testmg oxygen. You will probably
- wart to go on to these activities”
'after the students have made carbon
dlox1de have done the BTB and
Ilmewater tests with it, have coilected
a ]arful of the gas, and have done
" " the-flame test. e '

Aruitoxt provided by Eic:



Explormg Oxygen

b "k ) ~'
~_ MATERIALS Y R L

5 ‘pt 3% ,hydrogen perox1de solutlon
' (or 3 pt'6% hydrogen perox:de

- 'solution) = e
I Ib potassium- /od/de » LR
[ 9as. product/on- and collectlon +
o equ:pment o oo

woboden splirits _ St

" wodden safety matches
(small boxes)

<

Have on hand aII the materlals used up
t|II now. ‘ :

.

© . What is the'air we breathe? T
- Many students reply that it is oxygen
In facts air-has’ only a small percentage of. .

oxygen in it. Here |s -a way to make
" pure oxygen.

~

Into the flask or béttle you use for gas -
generatnon pIace about ! teaspoon of ™ |
: potassium lOdIde crystals ‘Add'3 oundes
“of 3% hydrogen peroxide solution
“(or"1} ounces of 6% solution). Place the
balloon-and-tube collector in the
flask after a few-bubbles have come up." *~
In five to ten minutes the reaction -
~ will be finished, and there will be enough ... .
_oxygen in the balloon for the tests. et
(The light brown color in the flask is from
the iodine. THis will stain clothes - - b
and other things. In one class a student '(f :
) got ioding aII over his shirt: H|s . B
“mother got it Sut wnth hydrogen Y
peroxrde) ' c

" Does oxygen have the same propert/es
. as a/r'? ' i

. .

Aruitoxt provided by Eic:
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 After the students have tested a

- out. Usually the end will continue

~ afreshly collected jar of oxygen. = -,

~ Can you repeat this- test usmg the ' _
‘ same /ar of oxygen° ' , . ‘to’ make ‘oxygen in one balloon and

" dioxide does? Which is heawer,
‘carbon dioxide or oxygen° How can -

X =

‘;What does oxygen do'if you b‘ubblé it What effect does the_amou,nt of .

* through BTB or limewater the way you - potassium jodide have on the speed at

" did carbon dioxide and.air?" R wh/ch the oxygen is produced°

'.How does the flame test work witha - _ ' If you warmed or cooIed the hydrogen
/arful of oxygen" Coh L o " peroxide solution, would th/s -have

" any-effect. on the reaction? .

flaming spfint in oxygen, have them try Children talk-about the fact that ,

a glowing splint. Get the end of a © the flask itself feels hotter as the react|on
wodden splint burning well; then blow it~ proceeds. Some -recall that it got’ cooler )
' when they were makmg carbon dioxide.” o

to glow red. Insert the glowing splintiinto - . Lo
: ~ Inone class, a student suggested con

thls experlment . .
'Can | do this? | want to put potasslum'
iodide and,hydrogen peroxide

What happens’7 '

- . put citric-acid and baking soda -
to make carbon dioxide in- another ,
~ ~balloon, and then’ put all the o
_ o gas together and see what happens
ca © . -in the flame test.”’
Some students mtght become |nterested .

Does oxygen "pour the way carbon

you teII9

sThe ESS unit GASES AND "AIRS" y =

in the react|on that produces the oxygen. .
offers’ addltlonal ideas for work with .+ -
To get more'oxygen "“should you ' - gases and suggests a method to -
- use more hydrogen perox/de or more . determnne the amount of oxygen present
potassrum iodide? . ina gas mlxture .
N \ -
P, R B - 19



Work with Hydrogen

Xl

MATER;A?_S
mossy zinc .
~ditute hydrochlorlc ac:d (4 molar—
see Appendix). -
paper clips .-
- safety glasses (for those who do
" not wear eyeglasses) : o
gas production and collection- .
equrpment
balloons ]
string : .
_balance (sée Append:x for assembly
cinstructions) -
2 paper pie plates
' yargdstick beam

A

= Can B B 1

.You will probably want to reread the
sections of the Appendix dealing with
safety. Be sure each student is wear-
ing -comfortable safety glasses or his
own eyeglasses,, - ‘

"Place the balance with pans where.
students can reach. it easily to weigh
“their zinc.” See the Appendix for in- .
" structions on assembling the balance. .

Prepare the diluted hydrochloric acid
-7ahead of time. Have: only the dilute
acrd .available to- thé students, and
p «f the concentrated acid away. Be -
o 5 ysure to label the acid bottles, indicat- -
' ing clearly which is dilute and whichis.
concentrated. )

Put the dilute hydrochloric acid where
students can convenlently get to it, .
without crowding. . Since there s
"bound to be‘some spillage. have on

- °If there are other palanees around

h'and paper towels, water fO.\" washing ] your school, you might have,a couple of

hands, and baking spda to neutralize ." them avaslable for we:ghmgout th’e

spilled acid. - ) E o zinc, and reserve the yardstsck balance i :
ST u for investigating the weight of the balloons. '

il

Aruitoxt provided by Eic:
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The productlon of hydrogen often

creates excitement among the students
To begin the class, you may want to '
have a brief review of. safety precautions
and of classroom procedures. Tell

~ the students that they are going to be

able to make .hydrogen, using zinc
and hydrochloric acid (also called

_muriatic acid). Point out that the acid you.

are using in the class has been diluted -
(two parts water to one part acid)

. and that wearing' some. kind-of glasses _

will protect the -eyes from spattering.
However, stress that the students
must be careful. -’

. In making the hydrogen, the studenfs

should first weigh out the zinc and

. " place it in the empty flask. Then
.they should measure out and-pour in the
. dilute hydrochlonc acid. Tell them

to wait a few seconds after the reaction
begins before putting on the gas | B
collector, so that the hydrogen can drive

_the room air out of the flask.

Use about 8 grams of zinc (equal ™,

to about 12 #1 paper clips in weight) -
and 2 ounces (60 cc)’ of the dlluted .
hydrochlonc acid. ’

"Mossy zinc v,aries widely. so that
" the reaction.time may vary from five -

minutes to half an hour. Caution -

" the- students not to shake the flask, since
- this will cause acid to bubble up -

into the balloon. A swurllng action will

-sufflce to le ' the matenals

. When the bubbllng has ceased and the
reaction ‘has almost stopped, the .

balloon can be removed and tied off.

- A piece of string tied to a balloon

will help. the student hold onto it.
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Can you determiné how much acid
remains in"the soldtion in the flask when
the react/on has finished?

If you add BTB to the so/urlon what
color does it appear9

How many drops of ammonia does /t
now take-to turn-the solution blue?

" The acid.remaining in.the flask can be

flushed down the drain. Any solid
zinc remaining in the flask can be rinsed
off: with water and returned to the

. zinc supply

‘The floating hydrogen balloons-will’

probably produce lively confusion in the
cléssroom Students need time to

play with them and a ‘lot of experlences
to help them make sense of what '

they see. . ; 7

i

How much smng will the ba//oon //fr°

'Several worthwhlle games have been

invented by students. Three boys
had balloon races to see whose balloon.
would get to the ceiling first. Several

glrls tned to get their balloons to

hang |n the alr neither rising nor fallmg

"

Can_'you:use hanglng balloons to chart
the air circulation in the room?

How many bapér clips will a balldon lift?

How much does the: hydrogen inside the
ballaon weigh? (That is, what is

the weight of the balioon plus hydrogen
plus strin'g, minus the weight of

" the balloon and string?) The yardstick
_balance is sensitive enough-for

working on these questions.

After a period. 'of'work’nrig with the -

_hydrogen, a brief dlscussmn and sharmg ) V

of thoughts m.ght be useful.
>

22
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-

" You might use one of thie above

questions to get a disdussion started.
Give the students a chance to share their
thinking about the experiments and -

to explore their differences. The question,
How much does the hydrogen. inside K
the balloon-weigh? is a part|cuIarly good ’
one to explore. When differences )
arise among the students, encourage

o »them to suggest experlments that m|ght

resolve the dlsputes and, if possible,
: then'give them achance to. go batk
. to the materlals

The hydrogen flame test is spectacular

Flame Te'st" ‘

FrII a haIf pint plastic Jar with hydrogen

by bubeJng it through water. Close

the jar with the lid, and remove it from
“the water. Light a wooden splint ’
and bring the flaming splint to the Jar
just as you remove the I|d Poof!

The pop “from a hali- pint of hydrogen
"is safe enough in the classroom.

A la@e amount of hydrogen (several
quarts) when mixed with air can
produce enough of an explosion .

to ring:your ears. Plastrc containers are
supphed in the Kit because plastic

is preferable torglass for this experlment
Do nor use large (pint or more) glass -
containers to hold hydrogen.

For.@nother experiment, turn the

jar of hydrogen right side up and leave
it open for a few seconds before
.inserting the burnxng splint. What
happens" Will the same th|ng happen

) wrth carbon d|0X|de'7

What effect does hydrogen have on BTB V
or limewater? ) - .
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Hydrogen Soap Bubbles ) S
MATERIALS, i - Flexible
~6 8-in. pieces of soft glass tubing - . .7“[’“"3 .
6 3-ft pieces of flex:b./e wnyl tubing : N o, . B
- ‘mossy zinc ' ' o
" hydrochlaric acid, dilute
Erlenmeyer flasks”
one-hole rubber sfoppers-
4-in. stiff plast:c tubes ‘to, fit: the
. rubber stoppers
" commercial soap-bubble solut/on or :

l:qu:d detérgent

L

Before the class begms you wnll need
“to'make a flange on one end of each -
_piece of the soft glass tubing.-To do
" this, heat the-end of a tube in the tip
of a flame from a Bunsen burner,
propane. torch, or gas' stove. -Rotate ;
.the tube so that it heats evenly When .
" the glass is soft, spfay the end of the - ~... .~
tube’ by applymg pressure inside the.
. tube with a-piece of metal, such asa )
Iarge nail. . . .

" Without the flange ‘on the-end, it.is.

‘often difficult toghet the bubble off

the end of the tube without breaking .

it. L o o

. The students should contlnue to wear .
- their safety glasses.

Connect the tubing as shown in the
accompanying diagram.

]

i Soap bubbles provide a dramdtic

“and pleasing demonstration of some of -
the propertues of hydrogen.. The -
'hydrogen gas'is generated in the flask
and passes’ through the flexible

tubing. The flanged ttbe is dipped into

a soap, splution, and the gas expands

the soap film on the end into a bubble. If-

.

Aruitoxt provided by Eic:
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you shake the bubble or blow on it,

it will leave: the tube and rise’in the room.

The bubble can be |gn|ted wrth a

lighted splmt or match.

“This is terrific!” i
"We need more soap because our
bubbles are to6 thin."” '
"I made five bubbles together
“Gee, this is the greatest thmg
I've ever done.”
“Every time the bubble blows up
it puts out the match.” )
“lt-exploded and I'felt soap splash
aII over me.’
- "There $ a bubble stuck on the.
- ceiling.]’ o : o

Why do the first few bubb/es fa/l’?

What happene .W/th carbon diaxide
bubbles? '




Mystery Gases =~ o N -

'MATERIALS : : o e :
~ gas production and co/lectlorr s A S ‘
eqw‘pment o . L .
L med:cme cups ’
BTB
Iimew?ter
. wooden splints
balance with yardstick arm
_dilute ‘hydroch/oric acid (4 molar) -
vinegar’ " - : '
limestone or marble ch/p&
b magmesium ribbon
' aluminum foil '
Alka- Seltzer tablets (2 to 4 per

N
-

ow

=,

student)_
t wl‘” Ceiteld T‘LU\‘%-
o(— D N P s T
* " Have-on band all the materials used -+ - (;‘\""“’_' s T
- up till now. .- : WMNE f«()u\,\_ (OL1ENY
' Home Goe v
(
Nowi{that the students have made carbon b M ST tlame A Nd— :

dioide, oxygen, and.hydrogen, and
- have an idea of how thege gases behave,
yQu-can challeng.e them with some
" urfknown gases. Al the ggses produced
by these reactions are one or amother’.
“the three gases they have alreadqy .
explored, but you needn't tell thea\
students that

“ltis'up to you to decide the best ,

~ way for your class to work at mystery

. gas activities. 'You might have the - -

. whole class tackle one mystery gas at a
‘time, or you might ‘have several

 different mystery gas reactions going
at once. For convenience, you will

. probably want to have tHe whole class

A work with Dry Ice together. -

. . ¥ P i .
e . . . . . . L . .

eI o T T
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e MAGNE&UM mBBON
T : * Cut-off about 2 feet of the magrresnum
@ ribbon. Put about 1 ounce of dilute
hydrochlorig acid in the flask,
. and add The magnesium ribbon. -

iWhat is the gas produced" .

' : S witl magneSIum r/bbon react wmh
I . wnegar? What is produced?

SR . . M LlMESTONE OR MARBLE CHlPS
' ' Place enough of the limestone or.

marble chips in a'flask almost to cover_ '

- the bottom. Add 2 ounces of d|lute
o ) hydrochlorrc acid.

What gas is produced°

: To produce a larger quant/ty of gas
oo L would you add more chips or
' ' more acid? '
' What happens'if you use vinegar
instead of the acid? .

. T . ALUMINUM FoIL -
: AT Cut a strip of aluminum foil about -
A ‘ 6 inches square, fold it up into -
) ' a small, flat package and place it in
_ _ the flask. Pour about 2 ounces’
| : - of dilute hydrochlorlc acid mto the
©onlsk L .

What gas is p_roduced?,

-

(This reaction often takes a while.
to get started; but once begun, it goes
quite. V|gorously y '

" ALKA-SELTZER TABLETS

v Place some water’in a flask, 'and
then drop |n an Alka-Seltzer tablet

- What is the gas produced"
Do two tablets give twice as much -

. gas as one?
What effect do the tablets have on the
water temperature? Does the tablet

" behave the same in ice- cold water'>
_ in warm water'>

ERIC S T

Aruitoxt provided by Eic:

SEASHELLS
it yol’ have a supply of oyster or
. clam shelis available, put in'the flask

"- about 20 grams: (1 ounce by w'eight):\y,

“of shells, and add  ounce (liquid
: measure) of d|lute hydrochloric acid.

What gas is produced'> :

.

DRY- ICE L _
You will need the following materials:.
- Dry Icg slabs (Obtain from hospitals,
collgges, or ice-cream vendors; '
10 pounds is plenty)
clot gloves

. ?

gas collection materials ‘
paper cups

r 1

Purchase the Dry Ice as close to class

. time as possible. It can be kept for a

day or so if wrapped in newspaperand
" stored in a Sgyrofoam picnic cooler or,
better-yet, in a freezer.- Keep it in
‘the newspaper wr'apper, even in the
freezer. ' o

With gloves or some other protection

. for your hands pIace one of the Dry

ice slabs in 'a bag ant break it into
small pieces wnth a.hammer..

[ —

"Since Dry lce'is fa’Scinatin'g_ to experiment
-~ with, give the students a small.supply
. and time to explore its possibilities. '
Provide them with paper cups.and water, -
. and tell them to drop small pieges -

of Dry Ice in the water. The by bling and

‘vapors that follow are exciting to

see and taIk about..

: The gas: collectors should be available,
. $6 that students can try to collect. . )
- and |dent|fy the gas’ evoIved when,they :

are ready

27
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In one school, everaI classes. ended the

- “ .. unitby sending up balloons with
e ke e o '.“.i'postcards attached The postcards,

TUE L. Lens e addressed to thé school, contained the
i R request that the finder write’ down

‘ when.and where he found them.

SR - One class ran out of zinc and -

o . ' hydrochlonc acid to make hyrdogen for

S the balloons. They borrowed a

cyhnder of helium from a nearby splence'_

Iaboratory . e

« 4.

ERIC
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“Here 'What‘their"teac_herwrSte: -

°.v

probably get lost in_the mountains, *

' The klds were in hrgh gear- and

really excrted over the prospect of
*balloons aloft.” In"the end, we ,
managed to get five postcards (cutin. .
half and some cut even smaller) . )
airborne. Whether or.not any will ever ...
get through' the mail and back - .
again remains tg be seen. They!l B

SR ",. .




" to shatter a glass jar so donot collect,

SN th|s Gnit, the students and the -+~ hydrogen in a large: glass container
K (1-pint or larger) B o

: ‘teacher should wear safety glasses or

' _’eyegIasses when handling’ hydrochlonc o
‘#eid or when makirg and testing ; < Acid S "‘;"'
-hydrogen The chief danger is of’ R
spattepng acid into the eyes

) The acid supplled |n.the K‘/t ls

concentraf‘ed Whenyou handle |t wear

ke LThere are 15 pairs of safety gaIsses n _'safety glasses. Have: onIy the, dllute
o Yoo in.the Kit. Students who wear glasses "~ acid available to the class. Keep the o
~ can contrnue to wear their.own '3 ',.,5"* o concentrated acid put away Label P

. glasses: Schools often have a supply‘
of safety gIasses

2 e. bottles clearly. - ", ‘

' : “, When.you dilute the: ac|d pour acld
sl o _ o ! lt is important that the safety gIasses - o |nto water, not the reverse. J
' : T4 be comfortable and that-they fi fit

B The general rule for acid spllls or
snugly on the students heads Af they
. o : l l’ aren't comis rtable th wont be " spIashes |s plenty of water.’ Spllls are
‘ N , C o ey _ nothing to: panic 4bout. The dilute

- ,’ worn contrnuous1y If they don't fit*
. ';"3‘. \snugly and fall off easily, they become a
'". hazard. In one’ class the only acid sp|IIs

-~+~ acid used in. thlS unit will not everbaffec“t
your skin if washed off immediately.

T _ \, Baking soda can berused to neutralize
Yoot torf resulted from students safety -

_— T, el any acid spilled onithe floor or furnrture
. Sprinkle baking soda on the ac|d ; '-'

- ‘unt|l it stops bub-bllng, and then clean
.. up the messv‘.-

. 2 . .

: Glass Tubm and'~Jars : '
T g . S | you pour acld down the dram follow rt :

. The tubing to be used with the - "~ with plenty of water.
"'dne- hole' rubber St ,_ers is plastic. .

. _ ' vymle it is %gsmbl +gfuse glass

If there is no slnkvrq your room &
have a bucket, of cléan water. On hand

tublng w not ady.sable Avery T
f mergencles

com & laboratory accident occurs
wher’fyou try to put glass tubmg intoa

. , ~ rubber stopper The glass tulglng is - Labellng .
by : . - e;illlyhzr;a(ljpped off and pushed ‘through One of the most common IabFratory :
Y : S accidents is caused by gettfhg the -
There are pIast|c jars supplled in . o wrong bottle. This can be avoided.by -

- the Krt Mt is wise to use these to do the having aII bottles and jars clearly
fIame tests part|cularIy hydrogen. ¥ . |labeled. Labels are provided in the Kit.

,3\ T BT s tA large amount of hydrogen mixed wrfh " They should be put on the jars and___
' . air can give enough of an explosion " bdttles before class time. g .
¢ oL \‘ - . - ‘b.‘ . \' \.
. ' ' af’
O o 39 ’ © L]
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‘The followmg is a collectlon of descr1pt|ons

S ofpreparatrons recipes, and techniques.

.--'.‘lnformatlon already prowded earller

: They are gathered together here for

convenlent reference. Many of them repeat

3 o

Z Preparmg the quurds

a

) ,1 Bromothymol Blue Solut/orz (BTB)

: Supphed in the K/t ls ‘a powde(‘whnch
- is the water-solhble sodiumm salt’ of -

’ bromothymol bl,ue (sometimes spelled
bromthymol) For present pturposes you ‘

" will need a 0.04% solution of BTB: You'”
- can maRe this solutlon in the pint; narrow- ‘

moutb’ plastlc bottle.. Put about 0.2'gram’
of the powder (a Itttle less than the s|ze )
of a pea) in the: bottle Fill the bottle
wrth clean water, cap it, and shake

Lot
it to desoIve the powder

BTB. solutxon rs an |nd|cator of the acrdlty

- . of a solition; and: |t*changes color in tHe

-pH range 6, g t0 7.6 Tt is yeIIow in the

~ acid range, (low pH) and blue,rr‘l .the

base range-(high- pH) iF thetsolutmn .
you make ls not blue‘ t.,|s,because the .

solutlon blue add dllute household

‘ammonia (see below) to it, one drop -
at atime, until the solution is blue. Don't
make it toe basi¢. Two.drops of vinegar

sho.uldv'turn it green or yel_Iow, . he
o e
- 2' Ammon/a Solut/ons >

ERIC <
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The household ammonia which is soId

- in grocery stores is too strong to work wnth
comfortab“ly Dilute it for classrdom use
by mrxrng four parts water and ¢ one part -
household ammonla Stlr or shake well,

.

‘4

_'_Prepa'ra"'tlon‘s,'_Recipjes,- and Tec_hn'fques )

" ‘You can also buy household ammonia =

with detergent added to it. Ayoid it if you
+ can, because th'e'detergent will make:- -

“alot'of bubbles. If it is not. poss‘l_\le

to. get’ plam ammoma you can use the i

detergent solutlon s . . 2

Bottres ‘of household ammonia are % f;"'ff o
labeled ’ ‘poison.’ lt is poison whehand

if it is swallowed. !t should not, 8f 001Jrse \
- be swallowed. émmoma fumes irritate
the~throat Whenthe ammonia is diluted,

. the fumes are no longer such a probIem

3 L/mewater Solut/on ' PR

1]

L|mewater is'a clear solution of hydrated ’
lime-in water. Hydrated lime is calcium

hydroxide powder. It is only slightly; .

.. goluble in water. To make limewater,
“put about { teaspoon of hydrated l|me
in a'quart bottle (such ‘as an empty clean -
vmegar bottle), fill |t with distilled water
or-tap water and cap ‘the bottle tightly.
Shake the bottle for.a minute or so, and
‘then leave'it undléturbed at Ieastovernrght
A white powdery preelpitate ‘will colleat
on the bottom of. the bottle. This is

, und|ssolved I|me ahd |nsoluble

L carbonates

You want onIy the clear squt|on
Carefully pour this off into a clean
pint bottle (supplied'in the Kit}, disturbing
. the settled matter as little as possible.
Stop. pourlng before any of the soI|ds
come over. You ¢an keep a suppIy of

. Itmewater in the quart bottle and refill” .
the pint bottle whenever it becomes empty.
" The.limewater must bée kept tlghtly
stoppered so that it 'won't react W|th the.
carbon d|0X|de in- the a|r L

.



»

., 4. Dilute Hydrochlo
The hydrochlorlc ac

ric‘Acid Recnpes f@r Makmg the Gases

o

|d(12 ‘motar) supplned — Carbon D/oxla"e

"~ in the Kit, or avallable from chemlcal

safely in the class.
you must dilut€ it by
acid to two parts wa
‘ thoroughly Tap wat

- acid. There is a gre

) mlxmg to be dissipated.’

The concentrated a

_corrosive than 'the d|lute and it gives off

biting, acrid fumes
‘glasses when you h
» bottle clearly. ". '

R 3

muriatic aC|d

'Hydrogen peroxrde
fromr‘d‘rugsto?‘es
youtﬁ‘uy it trom c
& the 33 solution
sometlmes called 1
Zro@ivhibtne, respecti

: ;t.(

the stronger 30%) solution, which can
react violently wnth potass|um iodide.

_ Hydrogen perOX|de

not stored proper~ly.
) airti.ght'containers,

either in a dark place or'in‘an opaque
* bottle. In the method outlined below, 3%
~ hydrogen peroxide will generate a
balloonful of'eXygen in three to five
minutes. If youfs takes longer than

“that, you may haveia

ol
Ly

Q

ERIC
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. supply houses, is too concentrated to use. .

i add acid to water. Never add water to

Hydrochlorlc acrd is aIso called -

s Hydrogen Peroxi

\:nd discount stores If

- that ydur supply is l‘fr‘esh before tlass time.

»
1,
|

B

Baklng soda and crtrrc aC|d

Place ! teaspbon of baklng soda and ‘

¥ teaspoon of CltrlD acrd |r3 the bottom of
‘. a dry flask. Add about 2 ounces of water.

. The gas evolved is carbon ‘dioxide. This

réaction proceeds quite - raptdly and

will foam over when Iarge; amounts are

used :

To make it 4 molar,
adding one part

ter and mlxmg them-
er will do. Always ’

at deal: of heat of

e

cid"is much more 2. Oxygen

Hydrogen peroxtde (3% solutron) and

Be sure to wear safety potass|um iodide crystals

andle §t. Label the
E’tace teaspoon of potassmm |od|de

crystals in.the bottom of a clean flask.

" Pourin about 3 ounces (9Q»m,!) of3%

' hydrogen peroxide solution or 1! ounces ’
of 6% solution. It will, take a few seconds
- for the reaction to’ get started The bubbles
that evolve are oxygen. The reaction and
the materrals are safe.to" handle but .
some iodine is produced that may sta,ln
clothes or unvarnished: w' .'dwork |f
sp|IIed "

de .

can be obtalned

hemical suppty house, .
or the 6% solutlon
0-volume and

vely) Do not get

o

. 3. Hydrogen ) .
- Mossy znnc and dilute hydrochlorlc acrd

’ WEIgh out about 8 grams (12 0r 13 #1
paper cllps) of the mossy zinc. onto a -
folded piece of paper and pour it into an

" empty-flask. Now add 2 ‘ounces (60 ce)

. of the' dllute hydrochIor|c acid (4 moIar)

Have the gas collector ready (See the

followmg) The reaction will begin aImost

‘immediately. The bubbles that®ome off

are the hydrogen. These quantities will

produce a little overa,quart of the gas. -
- . b e -

deteriorates ifitis
It should be- kept in
in a coot place, and

stale bottle. Check

-33
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- “Techniques
"1 How to Collect the Gas Generated
' . in a Flask »
.~ . (a) The S|mplest way. is just o
stretch a balloon over the mouth of
-+ ‘the flask. Allow a little time for the-air -
© # in‘the flask to be forced out by the
. gas being generated before you put
“the balioon %1 (A plastic bag-and-
- arubber band can also.be used to
~,catch the gas.) When the balloonis
. qu .you can tie it off '

<4 '(b)“A more elaborate but useful, device
can be put togetifer with two one-hole - .

. rubber stoppers and arlgldtube Plastlc »

" is preferable because of breakage. At}
least one of the rubber stoppers must
fit the flask in which the gas is
generated. Put a rubber stopper at
-each end of the tube: Put one end in

. the flask; and stretch théballoon_ '
over.the other'end. When the batloon '
is full, twist the neck, and hold your
fing‘e'rtip on the top end of the tube
to prevent the gas from. escapmg

Th|s~dev1ce is useful because it makes '
- it easiér to bubble the gas through S
hmewater or BTB, and it-is easy to. .
collect the gas m ajar by bubblmg |t
through water..

o (c) If you use flexible tubmg with.a
one hole stopper in the generating
flask, you can coHect the gas dnrectly

' ina Jar over water '

e

o a3

ERIC
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koI
. - - Collegt some-gas’in a balloon. Transfer
- the gas to a half-pirit plastic container- ”
Ry letting the gas push the water out of -
., the container. : ) .
Lt
. . When the container is filled with gas,
o o slide a lid over the mouth of the container
) “'and remove it from the water. .
w: P
45
J
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2. How to Run the BTB and leewater
Tests

The BTB and limewater tests are

' performed by bubbling the gas through

a smaH amount of the solution. Use a
1- ounce medicine cup {Make sure it is

“clean. ) Place about Scc of BTB or
v limewater in. the cup.

. Collect the gas in a balloon- and- tube
“device (as described above) pinch the

balloon shut so that none of the gas will
escape, and remove the stopper from the

flask. Rinse the bottom of the stopper and-

the tube with fresh water to remove any

. of the solution which'may have spattered

on it. This is' necessary, because acid on

~the tube will change the BTB to yellow no-

matter what kind of .gas you have'in it.

. Place the end of the tube just under the
- sdrfage of the BTB or limewater squtlon.

and allow the gas to bubble slowly
through it.-In the case of carbon dloxnde
the BTB should turn from blue to blue-

© green to yellow quite qurckly The.

hmewater wrlf turn milky. -

S

~

36" o , Lo~
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Hold the neck of the balloofi so that no - -
gas can.escape. -

Let about half the gassslowly bubble .
. through about 5 cc of BTB. What hap-
‘pens? Let the-other half bubble through. - ¢
- about 5 cc of limewater. What happens?



To do the flame test. removesthe lid from
the container, and lower a burning piece
of wood into the gas. '

-
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3! How to Do a Flame Test - .

With all the gases made in the unit.

“it is useful and ifiterésting for
" the students to see how a flamie or a
" glowing piece of wood is affected.
~'Once you have a jar of the gas, you can
* ‘test it by uncovéring it and. dtpplng
ina burning splint.

You can also test wnth a glowing splint.

The' splsnt ‘will be extmguushed in carbon

dioxide but will burst into fIame

in oxygen (A splunt is simply a thin piece

of wood’ WhICh will continue to glow’

after the flame is blown out. Matchsticks

- wilf not usually-do this because -
e .they are specrally treated Coffee: strrrers
L and pppsncle sticks wnII usually work.)

. Wrth hydrogen you need’ to -exercise

some cautlon Hydrogen-alone will not

will burn where it contacts air; and a

mixture of hydrogen -with air or oxygen

L support combustlon _but pure hydrogen

will explode A smali quantity, such as a iy

half-pint, will onIy pop. but have the |

.chnldren wear safety glasses.

To do the flame test, insert a burnlng
splint into a coIIected jar of hydrogen. .

 The hydrogen will burn at 'the mouth of the

container where it is in contact with air.

The tip of the splint in the hydrogen

will -not be burning, but it may reignite .
when it is withdrawn through the burning

gas. If air is mixed in with the hydrogen,

the gas will pop whén ignited. If you are

using a small jar, there is such asmall

" .quantity of gas that this is not dan-

gerous. Some students jrecognize the
gas as hydrogen when
or hear it pop

37



The Yardstick Balance -

For a simple balance to be accurateé

) enbugh to weigh the'gasin a b_éllo'on, you -
‘need an.extra-long béam. An inexpensive'

- yardstick from a variety store will work

- fine. A piece of lath from the lumberyard
will do. It should be 36" long, 13" _

. wide, and &&" thick. (Ask for 13" lattice.)

'The pans made ﬁ_'om paper pie plates
are lighter than the plastic ones supplied
and increase the sensitivity of the

balance. .
Q
* Assembling the Balance L E e B L ' T
-0y
o .
-
i
Center the yardstick beam in the slot, @
. and insert the pin through the holes in the
e - upright and the hole in the center of the -
. Screw .the upright into the base. N . beam. . C ’ ‘
' e .
N .

: 46
El{lc_aa
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Y
lnsert a paper cllp through the hole at = .. The paper clip sholild swing freely in the
‘each end of the beam. ' T hole. If it does not, bend a Iarger Ioop in

S ' ‘ __itso  that itdoes. = LT

O
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R
" Making Pans for the Balance o
To make pans for the balance, take
two paper pie plates and some string. .
a. Punch three hoies-_(equa||y.~‘.§pac-ed)
- near the edge of each plate. Use a one-
 hole paper punch or a sharp instrument.
. I T ‘ _ . d. Insert a finger through the two loops ' s
ST : ' © ot stfng and slide the string.unti! the pan -
hangs level: : . T
A\
-

'
. .
S
[
- °

" b. Cut twip 4 pieces of string.
¢. - Thread a 4’ piece of string through the o . v S
holes in.a pie plate and tie the ends. : e. Pinch off+a loop of string near th_e‘topx 4

o 40 .
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. ° . ,*\ -,
- R W
<
o=
1
#. Tie this Ioop into a knot, so that the pan -
can:be hung from the beam: ,
Ay
-9
Tt

.g. Repeat the above steps for the second .
pan. Hang the pans from paper clips. If s
~ the beam js not level, add a piece of clay ' B i} ) _
to the higher side of the beam. , : - : . .
. . - Lt , . R .
. : A : R \ .

r A a .
'



A Balance Rider'-

You can ‘use a paper c||p at d|fferent -
posmons on the beam to weigh things
- that weigh less than'one paper clip. Such
a device is called a rlder

o

P

1. Unfold a paper clip. Place it on the |
beam so that you can'slide it along the
beam. Where can you place this paper
- clip on' the balance beam so that it bal-
-ances ! paper clip in the left-hand pan?
(Cut an unfolded paper clip.in half.)

2. Can you place the paper clip on the

‘beam sa that it will balance | paper clip?-
How about -paper chp” '
3. Can you ‘now predict where to place
the paper clup to- balance two pieces

which together welgh paper chﬁ'ﬂ Three

-pieces which weigh.’ paper clip? .

4. 1s your ‘balance sensitive enoigh to
"measure % paper clip? How can you fmd,__-
¢ - out?

Q a2
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